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4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL) is
identified in the urine of NNK treated animals as well as in an important metabolite of the tobacco-specific nitrosamine people exposed to NNK (6) (7) (8) (9) (10) (11) . NNAL can also be reconverted
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK).
to NNK metabolically, although the equilibrium favors
Using the chiral derivatizing agent, (R)-(⍣)-α-methyl-NNAL (12). benzyl isocyanate [(R)-(⍣)-MBIC], previous work has
Although NNAL plays a central role in carcinogenesis by NNK, shown that the enantiomeric ratio of metabolically formed the absolute configuration of metabolically formed NNAL has NNAL and its glucuronide derivative may be species not been reported. In this study, we employed α-methoxy-α-dependent. However, the absolute configuration of such (trifluoromethyl)phenylacetic acid (MTPA, 'Mosher's reagent') NNAL has not been previously reported. Synthetically to determine the absolute configuration of NNAL (13, 14) . This prepared racemic NNAL was converted to diastereomeric information was used to assign the stereochemistry of NNAL esters by reaction with (R)-(⍣)-and (S)-(-)-α-methoxy-α-produced by rat liver microsomes, as well as the stereochemistry (trifluoromethyl)phenylacetic acid (MTPA) chloride of NNAL-Gluc found in rat, monkey and human urine after (Mosher's reagent) and the products were characterized exposure to NNK. triethylamine. The reaction mixture was stirred at room tempermajor and minor NNAL-glucuronide diastereomers found ature overnight, and 0.4 mmol of dimethylaminopropylamine in the urine of patas monkeys and humans exposed to was added. The crude product was purified by column chroma-NNK were similarly assigned; they were formed from (R)-tography on silica gel followed by HPLC collection (Rainin NNAL and (S)-NNAL, respectively.
Microsorb-MV C18 column, 5 µm, Solvent A 20 mM sodium phosphate, pH 7, Solvent B methanol, program 0-100% B in 100 min). Following evaporation of the methanol, the combined 4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK*) (Figure diastereomers were extracted from the aqueous solution with 1) is a powerful pulmonary carcinogen found in tobacco CH 2 Cl 2 and dried (Na 2 SO 4 ). Subsequent purification of the products. NNK is likely to play a significant role as a causative individual diastereomers was accomplished by normal phase agent for lung cancer in smokers (1-3). NNK also causes HPLC (Alltech Econosil 5 µm silica column eluted with tumors of the liver, nasal cavity and pancreas in rats and, as hexane/CHCl 3 /methanol, 80/20/2, isocratic flow 1 ml/min). a mixture with NЈ-nitrosonornicotine, oral tumors in rats (4, 5) .
The individual diastereomers were collected as shown in Figure  NNK and NЈ-nitrosonornicotine are the most prevalent strong 2; CI-MS m/z 426(100), 257(15), 162(25), 1 H-NMR, see Table  carcinogens in unburned tobacco products and are probably I and Figure 4 . involved in the etiology of oral cancer in people who
From the separate diastereomers of NNAL-MTPA, the use these products (1-3). In humans and laboratory animals, NNAL enantiomers were released by hydrolysis in 0.1 N NNK is extensively metabolized to its carbonyl reducNaOH, 37°C, overnight. The solution was acidified to pH 1.0 tion product 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol with 1 N HCl and extracted three times with CH 2 Cl 2 . The (NNAL) (Figure 1 ), which also induces lung and pancreatic aqueous portion was neutralized with 1 N NaOH and the NNAL was collected by reverse phase HPLC, as above except Unsymmetrical nitrosamines exist as mixtures of E and Z isomers resulting from the partial double bond character of the N-NϭO group (Figure 1) . The E and Z isomers can be assigned by 1 H-NMR, as previously described and summarized in Table 1 (15,17,18). Since the isomerization is relatively rapid, collection of one E or Z peak from HPLC, followed by reanalysis, will give a mixture of both isomers. Thus, collection of peak 1 and re-injection under the same conditions resulted in a mixture of peaks 1 and 2, as shown in Figure 2 (insert). Peaks 1 and 4 from the reaction of racemic NNAL with (S)-(-)-MTPA were also collected and their 1 H-NMR spectra were determined (Table I, entries 3 and 4) . In MTPA esters, 430 µmol (60 µl) triethylamine and 284 µmol (40 µl) (R)-(ϩ)-α-MBIC were added. The reaction was stirred at 70°C L2 ( Figure 3A ) will be shifted upfield in diastereomer X from (R)-(ϩ)-MTPA relative to its position in diastereomer Y from overnight, after which the solution was cooled to room temperature, filtered, and the benzene removed. The product was (S)-(-)-MTPA, because of the diamagnetic shielding of the phenyl group, while L3 will be shifted downfield in diasteredissolved in CHCl 3 and analyzed by normal phase HPLC (hexane/CHCl 3 /methanol, 60/40/2, isocratic 1 ml/min).
omer X compared with Y (13,14). The 4 and 6 protons of the pyridine ring in the spectrum of peak 4 from the reaction of Microsomes (15 mg) from rat liver were incubated with 1 mM NNK, 3 mM MgCl 2 , 1 mM NADP, 5 mM glucose-6-racemic NNAL with (R)-(ϩ)-MTPA are shifted upfield with respect to their position in the spectrum of peak 1 from the phosphate, and 0.8 U/ml glucose-6-phosphate dehydrogenase in a total volume of 10 ml 0.1 M potassium phosphate, pH reaction with (S)-(-)-MTPA, while the NCH 2 and NCH 3 protons are shifted downfield (Table I , entries 2 and 3; Figure  7 .4. The reaction was carried out at 37°C for 1 h. Protein was precipitated by addition of 2 ml zinc sulfate, followed by 2 4). Similarly, the 4 and 6 protons of the pyridine ring in the spectrum of peak 4 from the reaction with (S)-(-)MTPA are ml barium hydroxide. The mixture was centrifuged, filtered, and analyzed by reverse phase HPLC. NNAL was collected, shifted upfield with respect to their position in the spectrum Figure 3A ; b H 5 partially obscured; c separated by HPLC conditions described in Figure 2 ; d Z-NCH 2 partially obscured by Z-NCH 3 ; e not assigned because of interfering resonance.
of peak 1 from the reaction with (R)-(ϩ)-MTPA, while the the first peak is the Z isomer of one diastereomer, the second peak is a mixture of the E isomer of this diastereomer and the NCH 2 and NCH 3 protons are shifted downfield (Table I , entries 4 and 1; Figure 4 ). These data are consistent with the structures Z isomer of the second diastereomer, and the third peak is the E isomer of the second diastereomer (7). Peak 1 of Figure 2 illustrated in Figure 3B for the diastereomeric MTPA esters. COSY spectra allowed assignment of the 2-CH 2 protons and, was collected and treated with base, releasing (R)-NNAL. This NNAL was allowed to react with (R)-(ϩ)-MBIC. The product for the (S)-(-)-MTPA esters, the 3-CH 2 protons. Their chemical shifts were also consistent with the assigned structures (Table co-eluted with the first two peaks of Figure 5 . In a similar fashion, peak 1 from the reaction of racemic NNAL with (S)-I). Dreiding models show that when these MTPA esters are in their favored conformation, the observed shifts are in agreement (-)-MTPA was collected and reacted with (R)-(ϩ)-MBIC. The product of this reaction co-eluted with the second and third with the structures illustrated.
The reaction of racemic NNAL with (R)-(ϩ)-MBIC gave peaks. Therefore, the peaks in Figure 5 were assigned as illustrated. the chromatogram illustrated in Figure 5 . As previously shown, in the Sudan and associated with elevated risk for oral cancer, metabolic reduction of NNK to NNAL as well as the conjugation of NNAL by UDP glucuronosyl transferases. These aspects will be explored more thoroughly in future studies. It will also be important to determine the relative carcinogenic activities of the NNAL enantiomers.
